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Abstract: The main argument defended in this article is that the involvement of teachers in decision-
making about environmental aspects related to the management of educational institutions consti-
tutes a powerful tool for training, teacher professional development, and environmental literacies. A
group of early childhood education teachers across various institutions work under a collaborative
action-research model for an entire year that is focussed on the following: (1) the institution’s water,
solid waste, and energy management; (2) the planning of innovative activities related to water, solid
waste, and energy, and; (3) participation in transformative actions that involve families and impact
their neighbourhoods. The experience enables the building of a theoretical model of teacher training
aimed at acquiring action skills from a comprehensive perspective of triple helix environmental
literacy (management, research/innovation, and teaching) that affects their commitments to the
management of environmental resources, the eco-auditing of their eco-school, the curricular greening
of activities, the renewal of educational programs, and the implementation of an action-research
focussed on aspects related to sustainability.
Keywords: education for sustainability; curricular innovation; sustainable management; teacher
training; action research; water; waste material; energy; eco-school; early childhood
1. Introduction
This paper highlights the strengths of a model of curricular innovation and teacher
training aimed at the training of teachers in various early childhood educational centres.
Two teams of teachers (university academics and early childhood education teachers) work
throughout an entire academic year from a collaborative action-research methodological
framework. Throughout this study, we describe the phases of the model focussed on
professional teacher training and its validation process. The acquisition of action competen-
cies in the sustainable management and leadership of the centre, curricular greening, and
action-research is evaluated. Early childhood education teachers from across a network
of institutions audit the environmental dimensions of their centres, adopt sustainable
measures, and consolidate an understanding of their strengths and weaknesses. The work
is enriched by the participation of teachers from different centres in this training experi-
ence, particularly those interested in incorporating Education for Sustainability (EfS) as an
activity of curricular innovation and for the environmental management of their schools.
The collaborative action-research experience developed with early childhood educa-
tion teachers enables the construction of an educational management model that prioritises
sustainability as a key element in the life of schools and acts as a stimulus for the teach-
ers’ professional growth and continuous training in specific educational activities, such
as the solid waste management of the centre, the control of water consumption, energy
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expenditure and the use of alternative energies, mobility and travel activities through safe
school roads coordinated with families, and other activities to mitigate climate change or
the responsible production and consumption of products of proximity in school canteens
and kitchens. The educational centre becomes an eco-school: an organisation conceived
as an ecosystem that can be characterised as a mini-city made up of biotic and abiotic
components, as sets of structures where interactions take place and decisions are made
guided by principles of sustainability and environmental respect [1–3].
The main question we ask ourselves throughout the entire paper is whether early
childhood education teachers can appropriate the three dimensions of sustainability (man-
agement, teaching, and research/innovation) assigned to the most prestigious professional
categories of the higher levels of educational systems. It is widely recognised that univer-
sity professors are those who develop research of high scientific impact, which is published
in highly cited international journals, of high scientific prestige, providing universally
contrasted and rigorous research findings: research that contributes to enriching the corpus
of knowledge of a certain area of knowledge. In the last 30 years, public statements have
been made in the different international convections where these three dimensions (man-
agement, teaching, and research/innovation) are defended as keys for the incorporation of
sustainability in higher education. We highlight the convections pointed out by Wright
(2004) [4] where this topic has been reflected on:
− Talloires Declaration (1990)
− Halifax Declaration (1991)
− Kyoton Declaration (1993)
− Swansea Declaration (1993)
− CRE Copernicus (1994)
− Declaration of Thessaloniki (1997)
− Lüneburg Declaration (2000).
These dimensions can also be seen described in different handbooks related to EfS in
higher education, such as those of the authors Barth et al. (2018) [5] and Leal (2019) [6].
Traditionalist researchers tend to stand outside a situation and ask, “What are those
people over there doing? How do we understand and explain what they are doing?” This
kind of research is often called outsider or spectator research: the kind of theory they
generate is usually abstract and conceptual and is communicated through words. However,
action researchers are insider researchers. They see themselves as part of the context they
are investigating and ask, individually and collectively, “Is my/our work going as we wish?
How do we improve it where necessary?” If they feel their work is already reasonably
satisfactory, they evaluate it and produce evidence to show why they believe this to be the
case. If they feel something needs improving, they work on that aspect, keeping records
and producing regular oral and written progress reports about what they are doing. The
kind of theory they produce is dynamic and developmental and communicated through
their actions as well as their words [7].
It is less frequent for teachers at other educational levels to undertake research tasks
related to teaching. With this study, we propose to praise and vindicate the scientific
value of the work carried out by early childhood education teachers in their modest
preschool classrooms as a challenge to empower this educational level that is increasingly
necessary for contemporary societies, but at the same time is undervalued and improperly
acknowledged [8].
Assuming that a kindergarten teacher can provide relevant knowledge about their
teaching practice is a daring and controversial hypothesis, especially given that the produc-
tion of knowledge has been widely held sacred and regarded as a something prohibitive
and inaccessible for the ordinary citizen [9]. Scientific movements in the field of psychol-
ogy and educational sciences have been rigorously and tenaciously claiming the value
of another type of professional knowledge and for types of practical theories that are
less universal, more localised and functional, linked to the trends of research in the class-
room [10], to the role of the teacher as a reflective professional [11,12], and to teaching as an
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evidence-based professional activity [13]. The logic that surrounds this type of knowledge
is based on collaborative epistemological models that require the active participation of all
agents of the educational community, and the framework on which it is based is that of
participatory action research [14].
Early childhood education is not exactly the educational level that enjoys the highest
reputation, prestige, privileges, and professional esteem in our societies [15]. Although
no one disputes it has a necessary and essential function in the socialisation processes
of children during their first years of life, the importance that this has for the personal
development of children, and that the role of early childhood education is recognised as a
decisive stage, but advocates criticise the scant financial investment, the sparse resources
devoted to it, and the limited recognition given to this initial level of compulsory schooling.
However, it is not surprising that during essential times, such as those we are living
through at this stage in history, times subject to home confinements and population mobility
restrictions as a result of a pandemic, educational administrations are insisting on the need
to keep infantile and primary schools open [15–17].
This work aims to frame the training of early childhood education teachers through
the following:
• (#O1) Rethink a sustainable management model for early childhood education centres
focussed on the management of water, solid waste, and energy.
• (#O2) Reformulate the early childhood education curriculum from the EfS logic.
• (#O3) Provide sustainability action skills to early childhood education teachers.
2. Theoretical Framework
2.1. Environmental Crisis
The contemporary socio-environmental and health crisis, diagnosed as a systemic
mismatch between the links that human beings establish with the biosphere, has entered a
critical phase of worrying imbalance. The impact caused by COVID-19 is undermining
options and opportunities for human development and social progress [18–21]. The close
relationship that this health crisis has with the loss of biodiversity and the ecosystem
balance shows the need to promote drastic measures for the conservation and defence of
the environment as a safeguard to preventing future pandemics. At this point in history,
we have not been able to find effective solutions to the great problems that beset the planet
(climate change, extreme poverty and inequalities, wars and armed conflicts, the incessant
violation of human rights, etc.) [8], and moreover, new threats are emerging that disrupt the
well-being and progress that has been reached so far. The tragic presence of this virus places
humanity before another disturbing truth—our fragile relationship with nature [9,10]. It is
very time-critical to overcome the environmental, socio-educational, political, economic,
and cultural consequences that this situation is causing globally. Educational institutions
must equip themselves with innovative tools [22–25] to alleviate the effects of this pandemic
and address other collateral issues that are becoming prevalent in the daily future of
classroom life and in the activities and actions of teachers [26,27].
Civilisation is facing a traumatic clash with the biophysical limits of the environment.
The inability of the biosphere to absorb, without altering its basic balances, the impacts
of the socioeconomic metabolism derived from the ways of producing and consuming is
all but confirmed. Likewise, there is obvious difficulty in ensuring sufficient resources
for all its inhabitants to enjoy a dignified life within the framework of contemporary
lifestyles [22]. Teacher training to make decisions and adopt actions committed to the
management of environmental resources is an urgent challenge of our time. In this scenario,
EfS emerges as an essential professional dimension of the 21st century in professions such
as teaching [17,28].
From the 2030 Agenda and the Sustainable Development Goals [29,30], the social
and educational responsibility that educational institutions have at their initial levels as
essential links, together with family actions [31–34], are called upon to generate and project
spaces that favour the creation of a critical citizenry committed to addressing environmental
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problems [31,32,35,36]. Amongst the priorities that the 2030 Agenda proposes, Sustainable
Development Goal (SDG) 4 pursues a “Quality Education”, specifically in Goal 4.7, which
notes that, “By 2030, we must ensure all learners acquire the knowledge and skills needed
to promote sustainable development, including among others, through education for
sustainable development and sustainable lifestyles, human rights, gender equality, the
promotion of a culture of peace and non-violence, world citizenship and the appreciation
of cultural diversity, and the contribution of culture to sustainable development” [30].
In these times of environmental and health crises, the ideas of educational movements
that vindicate the advantages of learning outdoors, in close connection with nature, that
connect schools with the environment through school gardens [37], green yards [38], and
school outings [39], and open up new issues and challenges for the training of teachers in
general and those of early childhood education in particular [40]. From this perspective,
the early childhood education curriculum is presented as a set of controversial reasons and
arguments that push and stimulate continued criticism, social and scientific development,
innovation, progress, dignity, and human development, which are endless challenges and
educators [41,42] and, at the same time, a logical framework in which we can place EfS
as a referent to address the professional development requirements of early childhood
education teachers. This will contribute to equipping educators with theoretical–critical
tools and action skills that allow them to address current socio-environmental needs in
favour of a sustainable management model for education centres as well as favour an
environmentalised curriculum development model [43] that is in line with the principles
of sustainability, allowing them to plan meaningful and transformative educational activ-
ities for their students and at the same time ensure they are committed to a sustainable,
supportive, and equitable ecological transition model [40,44–46].
2.2. Sustainability as an Empowerment Tool for Early Years Teachers in Eco-Schools
This research aims to show the potential that early childhood education teachers and
their educational institutions can have as agents of transformation and socio-environmental
change. Taking sustainability as the axis of their professional activities, the main challenge
of this research lies in evaluating whether the three conventional dimensions of the scientific
literature on sustainability that are widely addressed in Higher Education (environmental
management, environmental research/ innovation and curricular greening) [47–50] are
transferable to the context of early childhood education. Under this triple-dimensional
prism, we identify the following dimensions in Figure 1, which serve as a conceptual
framework for the work carried out by teachers at their schools:
• Curricular Greening. This refers to the incorporation of aspects related to sustainability
in the content and pedagogical strategies that are made available to children, the use
of environmental knowledge available to children, while at the same time developing
a critical, systemic, and complex thinking of reality [51,52], internalising values related
to environmental sustainability at an early age.
• Research and innovation in the classroom. Those institutions that include education
for sustainability in their curriculum become centres that prepare citizens for the
future and are part of the culture of complexity, fostering critical thinking in children,
generating in them responsible behaviours towards the environment that surrounds
them. These centres offer an education based on innovative activities that encourage
participation and collaboration with the immediate environment from both a local
and global perspective [53].
• Sustainable management of the eco-school. This refers to those behavioural guidelines
that educational centres have in relation to the treatment of the resources available to
them, aiming to encourage these behaviours to be committed to sustainable develop-
ment in aspects such as water, solid waste, energy, mobility, green areas, as well as
the responsible consumption and use of resources. Some authors defend the idea that
coherent and ethical sustainable management strategies make the educational centre
an organisation endowed with social responsibility [54].
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Figure 1. Triple dime sionality conceptual framework (prep red by the authors).
Based on this conceptual framework, four early childhood education centres are
committed to sustainability; they assume the role of active agents in their community
and serve as the engine for the educational paradigm shift that will contribute to the
achievement of the SDGs proposed under the framework of the 2030 Agenda.
2.3. EfS and Greening Early Childhood Education Schools
Assuming that educational systems at different levels can transmit and reproduce a
selection of content and cultural values gives rise to questioning a number of principles
relating to models of curricular greening that they elicit about the environmental manage-
ment models that prevail in early childhood educational centres or school organisations.
Analysing the degree of environmental coherence that they promote and the alliances they
establish with the educational community, with the neighbourhood and the territory in
which they are located, with nearby green spaces, and with the institutions that surround
them requires asking questions such as those related to the commuting to the educational
centre, eating habits, water control, the use of solid waste, recycling, responsible consump-
tion habits, the use of different types of energy, actions for the conservation of ecosystems
and commitments to species in danger of extinction and the biodiversity of the territory,
etc. At the end of the day, it is about integrating all these elements into a concept of
development that is present in educational programs in an EfS format.
Framing early childhood education curriculum through the lens of the EfS has become
a priority of study in recent years [55–59], which is also supported by United Nations
Educational, Scientific and Cultural Organization (UNESCO) with its associated publica-
tions [60,61], and by OMEP (World Organisation for Early Childhood Education) itself
with the design of the Environmental Rating Scale for Sustainable Development in Early
Childhood (2015) [62] that marks a before and after rating in the evaluation/self-evaluation
process of the early childhood education teachers on their teaching practice linked to the
inclusion of sustainability. Nevertheless, there is still much to do, including the need to
establish a coordinated logic between the management models developed by the centre,
the teaching practice in the classroom, and the transfer of knowledge beyond the walls of
the classroom and the institution. In this sense, the EfS is proposed as a tool that achieves
the following:
• Helps the teacher train children who, through critical and collaborative thinking, can
actively participate in society and with it, in decision-making.
• Generates and trains future citizens from the perspective of sustainability so that they
are highly qualified to make responsible and consistent decisions.
• Promotes the development of theoretical knowledge, sustainability skills, pro-environmental
values, which are transferable in the learner’s daily life as practical learning.
• Favours active citizenship from the first years of life.
• Supports problem-solving skills and the search for shared solutions from a cre-
ative perspective.
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These theoretical approaches place EfS as a key tool for education in the new millen-
nium, offering the possibility of addressing, from the prism of sustainability, important
elements regarding the educational centre: sustainable management, curricular greening,
equity in access to education, social inclusion, etc., which have become great challenges
for teaching teams in the 21st century [63–65]. EfS is approached as a proposal articulated
by four axes on which the gear of this transversal, holistic, and integral structure of doing
education pivots [52,66] (Figure 2).
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Figure 2. Axes on which the Education for Sustainability (EfS) pivots (prepared by the authors).
The challenge posed by the implementation of EfS is of such magnitude that it is
essential to rethink the curriculum model in order to generate spaces, content, competences,
and learnings based on the principles of sustainability, where children are considered to be
part of the community where they live, in consonance and harmony with the rest of the
earth’s inhabitants and to take into consideration the synergies and interrelationships that
exist [67,68].
In short, EfS is emerging as a tool that has the power to alert educators and educa-
tional managers of new educational policies that take the inclusion of these approaches as
a reference, which, in turn, bring with it an increase in sustainability practices that facilitate
a change in the ways of doing, thinking, and being a ‘citizen’ [62]. In this task, dialogue,
systemic thinking, collaborative work, anticipation, and other skills in sustainability be-
come catalysts to facilitating educational tasks. “When children experience learning around
wider dimensions of sustainability, there is the potential to develop genuine and critical
understandings about global issues in a transformative and critical learning context” [69]
(p. 1), which is a context that should serve as a reference for the sustainable management of
early childhood education centres as well as for teacher training of this group of educators,
as is discussed further on.
Tables 1–5 below show experiences related to the incorporation of EfS that are being
carried out in different continents. This type of experience can serve as a reference for
teachers committed to EfS to extrapolate actions in different contexts.
Table 1. Incorporating sustainability in the early years: experiences found in Africa. Prepared by the authors.
References Observations
[70]
This document shows the problems and challenges that teachers face in interpreting and implementing this
environmental education policy in four regions of Botswana. The data indicate that teachers applied various
normalisation strategies (self-government) in their contextual challenges, conceptions of environmental
education, support mechanisms, educators’ experiences, and power relations.
[71]
This document defends the transformation of early childhood education for sustainable development,
teaching children environmental safety through play, personal hygiene, the proper use and disposal of waste,
and awareness of nature. They recommend the incorporation of sustainability in the curriculum and national
policy of early childhood education so that this is carried out in a satisfactory way.
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Table 2. Incorporating sustainability in the early years: experiences found in America. Prepared by the authors.
References Observations
[72]
This book compiles different works related to the dissemination of sustainability and well-being values. In
Living Schools, the importance of transforming education from a perspective based on sustainability is
revealed through theoretical and practical proposals.
[73] This document discusses the importance of training early childhood education teachers and managers as a toolto include sustainability at an early age.
Table 3. Incorporating sustainability in the early years: experiences found in Asia. Prepared by the authors.
References Observations
[74]
This study aims to analyse how the concepts of ECEfS (the meaning of sustainability, children as agents of
change for sustainability, and sustainability in the daily lives of young children) are represented in the national
curriculum documents of Australia and Korea through to critical document analysis. The study reveals that
individualistic and collectivist factors largely influence the configuration of the understanding of sustainability,
so it is important to incorporate the concept ‘culture’ as an essential dimension to the meaning of sustainability,
defining the identity of children with three ways of being (independent, interdependent, and relational), and
addressing the interactive and interconnected daily life of children.
[75]
This study evaluates government documents and secondary data over the past decade to determine the
accessibility, affordability, accountability, sustainability, and social justice of early childhood education (ECE)
services. The results indicated that ECE services have improved in the aforementioned dimensions, but that
some efforts still need to be made to increase the fiscal budget for ECE services and ensure the quality of
ECE services.
Table 4. Incorporating sustainability in the early years: experiences found in Europe. Prepared by the authors.
References Observations
[76]
The study presents an example of using digital storytelling in a preschool class to raise awareness of
sustainability issues. A linear digital storytelling was created, representing a local myth about watermills; then,
an educational intervention was conducted to raise awareness of local cultural heritage and sustainability
issues. The results showed that digital storytelling was an effective educational tool for acquiring new
knowledge and motivating the interest of preschool children.
[77]
This research focusses on young children’s understanding of economic, social, and environmental
sustainability. The participants were 43 children, aged 3–7 years, recruited from two kindergartens in Croatia.
The findings indicate that kindergartens and preschools can provide the foundation for lifelong learning about
sustainability, and important implications are that teachers can promote children’s understanding through
enriching pedagogical activities.
Table 5. Incorporating sustainability in the early years: experiences found in Oceania. Prepared by the authors.
References Observations
[78]
This article shows the effectiveness of arts-based pedagogies in exploring and understanding the natural
world in an early childhood program. The findings reflect the challenges educators must overcome to intensify
their connection to local settings and the effect that this connection has on their ability to reflect local natural
settings in their programs with children.
[79]
This study, conducted in Queensland, shows how early childhood teachers do not have well-developed ideas
and practices in EfS, so they need a deeper understanding of sustainability to go beyond these teaching
practices. The authors suggest that it would be beneficial for early childhood teachers to have professional
development opportunities that build a deeper understanding of sustainability and its implementation in
their settings.
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2.4. Sustainable Management in Educational Centres through Internal Inter-Centre Eco-Audits
From the perspective of positive psychology, recent research on EfS in the fields of
attitudes, neuroscience and emotions has highlighted the essential role that participatory
processes play in learning processes and behavioural changes [80]. It also makes explicit
the ways in which participatory processes and bottom–up leadership in the management
of educational centres contribute to promoting more effective and lasting changes in the
educational agents involved [81]. The following list outlines the four factors in a sustainable
and healthy eco-school that need to be considered by scientific literature in respect to the
individuals, the groups, the organisations, and to the inter-organisational processes [82]:
• At an individual level, personal development and professional teacher training pro-
grams must consider motivation and active participation; promote well-being, re-
silience, passionate work, and the deployment of positive individual resources such
as emotional intelligence, trust, and collaboration.
• At a group level, a healthy group is a group that respects its members, takes the time
to listen to their points of view, plans actions together, tolerates different styles, and
seeks solutions that are beneficial to all. Belonging to a team that works on shared
tasks and common projects brings well-being to teachers, generates situations for
development, offers training opportunities, creative thinking, common challenges,
creates a culture of group identity, a predisposition to positive interaction with other
teachers, facilitates the building of strong ties and social support strategies that are
necessary to face complexities that can reduce conflicts in organisations.
• At an educational centre level, healthy organisations such as eco-schools must be
open to facing challenges and to innovating in their leadership, management and
organisation models. Their purpose is to make organisations more efficient and
happier places, creating a culture of sustained creativity and innovation, promoting
an organisational climate that supports positive relationships and leadership styles
for the empowerment of teachers through autonomy and self-organisation.
• At an inter-organisational level, the focus is on making the boundaries of organisations
more fluid and improving relationships between organisations. Partnerships, network-
ing, and community participation are essential elements that bring mutual benefits.
All these socio-psychological factors play an important role in promoting environ-
mentally responsible actions. Future teachers should have the necessary common values
and organisational responsibility to take action for sustainability [83]. The experiences of
collaborative action-research in eco-schools networks and the inter-centre work of staff
and teachers favour the development of their own environments that are challenging
and inspiring for the professional development of teachers, which are environments that
in turn affect the four previous dimensions (individual, group, educational centre, and
inter-organisation). The sustainable management of schools through internal eco-audit
processes integrated into the governance of the institution involves these four dimensions
of positive psychology mentioned above, promoting a multiplicative effect, contributing to
a greater involvement of teachers in joint decision-making about the management of water,
solid waste, energy, mobility, the maintenance and care of green areas, the acquisition of
resources for the centre, responsible and sustainable consumption in school canteens, etc.
All this is reflected in the planning of curricular activities linked to these environmental
aspects that contribute to creating citizens committed to sustainability, with teachers play-
ing a key role in all these processes. Figure 3 models this multiplier and empowerment
effect brought about by work across inter-organisation networks that focus on innovative
sustainable management models.
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Figure 3. Multiplying effect of inter-centre networking (prepared by the authors).
A selection of experiences focussed on these three environmental dimensions shows
evidence-based examples of how to incorporate these aspects into the sustainable manage-
ment of eco-schools: water, solid waste, and energy.
2.5. Educational Environmental Research on Water, Waste Material, and Energy
(a) Water Experiences
Actions within this category should be oriented to highlight the importance of water as
a key resource for life and raise awareness about the effects of its negligent use and consump-
tion. EfS is a key strategy to increase public awareness and training related to sustainability
and to empower everyone to make informed decisions regarding sustainability issues and
environmental problems as water management in schools [83]. Actions should promote
strategies to reuse and reduce water consumption, starting from the school and encouraging
extrapolation and persistence of the acquired behaviours. Schools should analyse whether
water consumption in their facilities is optimal or different actions could be implemented
to improve it (notes in bathrooms, installation of waterless urinals, filling toilet tanks with
sinks’ sewer water, installation of drip irrigation systems, etc.). Feriver et al. (2016) [84]
explore a range of transformations possible in the teachers’ perspectives on environmental
problems during and after the training workshops: influential factors in facilitating perspec-
tive transformation are shown to be the content, structure, and sequencing of the training,
and peer support; and they conclude that transformative learning techniques offer a viable
framework for engaging practicing early childhood teachers. Gutiérrez and Pirrami [85]
explore a method on problem-based learning to commitment teachers in water issues and
explore some obstacles to introduce active learning approaches to treat socio-environmental
issues [85]. Other research uses new technologies as short videos on water [86] or video
games to problematise sustainability water as a limited resource. For example, The Sun and
Water project [87] is presented as an educational action through an electronic game which
is based on regional problems on water that explored by means of information overload,
virtual simulations, and real-world data; the game immerses preservice teachers in water
management topics, biodiversity, sustainability, and human impact on the environment.
(b) Waste Material Experiences
Actions within this category including examining the impact of the waste generated
by schools, exploring actions to minimise the amounts produced, and encouraging students
to adopt similar strategies at home. The starting point of any action should be the inclusion
of the waste concept in the curriculum. Students should understand different types of
waste and their implications and effects in the environment. Borreguero et al. (2018) [88]
show that current legislation gives no relevance to this concept, which translates, in turn,
in the lack of its study in different educational stages. Before defining any waste-related
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action, schools must ensure that students understand the dimension of the problem and
the objective of the actions that will be promoted. Arguably, the most popular actions
related to this category are those revolving around the triple R (reduce, recycle, reuse).
Among the three of them, recycling is typically part of most schools, in which different
bins are provided to separate waste and different actions such as handicrafts with recycled
materials take place. Research by Maddox et al. (2011) [89] expose a model that uses
practical activities and the participation of schools to promote waste-related actions. This
document describes and evaluates the effectivity of waste education to extrapolate actions
to students’ homes. A group of 39 schools was included in the project in which the
objective was to transmit the triple R message to families. The study shows how the
intergenerational influence can positively affect the recycling behaviour of the families
based on a practical model based on waste education in schools. Then, this reflects the
importance of the extrapolate of the actions carried out in schools as drivers of change in
the attitudes towards waste management in the community.
(c) Energy Experiences
Actions within this topic should be based on looking for formulas in which all school
members can work together to improve awareness of energy problems and improve the
energetic efficiency of the school building. Eco-schools are focussed on energy as a main
topic of the actions and changes in the centres. Energy policies in schools should not be
a topic limited to the school board or managers. To achieve a profound effect both in
the efficiency of the energy consumption of the schools and the awareness of the effects
of energy wasting, it is necessary to involve families of students as active agents in the
planned actions as a capacity of energy education to help solve climate change dilemmas
and promote sustainability. Perkins (2014) [90] advocated for different experiences such as
creating manual energy generators and the importance of management of energy for the
conservation of the environment. A different action is found in López et al. (2016) [91], in
which a solar energy cooking workshop was carried out in a eco-school: different devices
prepared for cooking were used to show students the power of solar energy and how,
by focussing solar beams, even an egg can be fried [91]. Game-based learning has been
gradually adopted in energy education as an effective learning tool because digital games
have the potential to increase energy literacy and encourage behaviour change [92,93].
2.6. Early Years Research on Professional Development and Sustainable Action Competencies
Acquisition
Teacher training is necessary in order to generate educational spaces as well as cur-
ricula that is congruent with the principles of sustainability. This training will help to
promote, for early childhood education teachers, key competences related to sustainabil-
ity and teaching-learning models where infantile students participate and build their
knowledge from practice in a creative way [65,94–96].
Early childhood education teacher training will facilitate their professional develop-
ment and empower them to reflect on their own actions and the consequences of their
teaching work to generate a sustainability competent citizenry [65]. In this sense, it is
necessary to train teachers in certain key competencies that facilitate the professional de-
velopment of early childhood teachers from the prism of an innovative methodology that
combines knowledge and practice; that focusses on criteria related to ethics, social justice,
solidarity, and respect for the environment in the generation of such knowledge; that
incorporates educational models focussed on project-based learning, and rethinks school
management models, moving toward those based on the principles of sustainability [97].
Therefore, in this training for early childhood education teachers, a training that is
multidimensional and that implies knowing, understanding, acting, and being must be
advocated for [68]—training endorsed by the development of key competencies related
to sustainability, which highlight the integral perspective that education for sustainability
implies [65,68,96,98] (Figure 4).
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This competence framework shows that the professional development of early child-
hood education teachers moves through a continuous training cycle that stimulates a
process of critical reflection in order to make these educators question their beliefs [99,100]
and to generate a process of self-regulation and self-evaluation in regard to their objectives
as well as the control of the teaching–learning process, appealing to the development of
these co petences i t e st e ts also. The need to generate models of teacher leadership
and the e er e t f t e e tire educational community is evident in order to generate
manage t t t f r cational centres based on the principles of ustainability,
which is a challe i i this research.
Researc t ition of working with Collaborative Action R search
(CAR) i s due to the transforming peculiarity and the intrinsic demands
for change promoted by environmental education programs linked to formal educa-
tion [101–104] or in non-school intervention contexts of community intervention and
improvement of the sustainability conditions of the territory [101–106].
A large number of CAR-inspired experiences of innovation and curriculum change have
helped to significantly improve EfS methodologies and programs from the middle of the
last century. In some cases, these are linked to Eco-School Networks [107,108] under the
guidelines and methodologies of the European Foundation for Environmental Education,
while in others, they assume the label of School Agendas 21 [109,110] in coordination with
municipal networks for collaborative endeavours. The ENSI Project (Environment and School
Initiatives Project) deserves a special mention as a collaborative European network with a
long tradition of innovative contributions that have transformed a large number of school
programs and trained a large number of teachers from the following premises [111,112]:
1. That participating teachers adopt a research perspective in respect to their own teach-
ing and curriculum activities: the participating teachers were asked to systematically
reflect on their own activities in order to improve them and in order to contribute to
their own and other people’ knowledge of environmental education. In other words,
they should involve themselves in action research.
2. That selected schools demonstrate (if at varying degrees of intensity) environmental
education curriculum activities characterised by the adoption of a research perspec-
tive: personal involvement of students and emotional commitment, interdisciplinary
learning and research, reflective action to improve environmental conditions, and
involvement of students, at least partially, in decision-making on problem-finding, on
procedures, and on monitoring their work.
3. Rather than confining teachers to the role of technical implementers of the curricula
designed by others, the project encourages teachers to participate in research of their
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own that is conducted by and is of concern to them, creating a model of environmental
education that is community based and action orientated and for a higher professional
role for teachers as researchers.
3. Eco-School Context and Research Agents
The following agents have participated in this research:
(a) A group of academics from the University of Granada who are experts in environ-
mental education research (external agents);
(b) The staff of the Granada Educa Foundation, a public network of early childhood
education centres in the city of Granada, Spain;
(c) A group of early childhood education teachers from the network of centres that belong
to the foundation (internal agents).
The four centres that are the object of this study have a total number of approximately
118 students per centre divided into six age groups that range from 0 to 6 years old. The
teaching teams at each institution are made up of 10 teachers, and there are 2 cooks at each
centre that have been classified as service personnel.
These are institutions with a high degree of awareness in regard to respect for the
diversity and social and personal realities of their environments, and they know how
to make good use of this awareness in a number of projects addressing the institution–
community relationship [113].
The four schools are equipped with an educational environment designed and adapted
to the needs and characteristics of children where they are respected for their individuality
and considered to be active interlocutors in their relationship with the world, with their
peers, and with adults. The gradual development of their autonomy is also favoured and by
trusting in their growth potential, relationships and encounters with others are promoted,
favouring the child’s socialisation. Children are the protagonists of their own learning,
and in addition, the families understand and participate in the educational project, and
teachers form an educational team with great experience and an innovative spirit [113,114].
The relationship with the immediate environment is an important part of the day-to-day
life of early childhood centres. These are related to the physical and sociocultural environments
in which they are located, in each neighbourhood to which they belong. All events, interactions,
and incidents constitute a very valuable resource in the daily life of the centres.
It is part of their work approach to take advantage of the resources and possibilities of
knowledge that the environment offers them, to encourage the participation of children in
it to enrich their experiences, and to establish relationships in the various spaces that are
part of the neighbourhood: health care centre, library, shops, parks, museums, etc. [113].
An important part of their educational project is related to environmental education.
A number of these four centres have facilities dedicated exclusively to environmental
education, such as orchards, greenhouses, large green areas, etc.
Centre 1 (Figures 5 and 6) is located in the emblematic Albayzin neighbourhood. It is
a privileged environment and is one of the city’s historic neighbourhoods.
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(Figures 9 and 10) has a t o-story space and several gardens.
Finally, Centre 4 (Figures 11 and 12) is located in one of the peripheral neighbourhoods
in the north area of Granada. The building was originally designed as a nursery school, so
it has one floor and large gardens.
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4. Materials and Methods
4.1. Collaborative Action Research as a Method for Curricular Greening in Early Childhood
(Infantil) Education
Collaborative Action Research (CAR) has become increasingly popular around the
world as a way for all people to take action in professional practices, as a form of profes-
sional learning across the professions and disciplines, in their personal and social situations
with a view to improving them. It is particularly well developed in education, specifically
in teaching and in professional EfS [116,117]. More groups of practitioners are getting
together to investigate their collective work and put their stories of learning into the public
domain [118,119]. CAR is conceptualised as a practical form of enquiry that enables anyone
in every job and walk of life to investigate and evaluate their work. They ask, “What am I
doing? Do I need to improve anything? If so, what? How do I improve it? Why should I im-
prove it?” They produce their accounts of practice to show the following: (1) how they are
trying to improve what they are doing; this involves first thinking about and learning how
to do it better; (2) how this enables them to give meaning to their lives; and (3) how they are
trying to influence others to do the same thing. These accounts stand as their own practical
theories of practice, from which others can learn if they wish. Teachers as practitioners
research their own practices, which is different from most traditionalist forms of research
where a professional researcher does research on rather than with practitioners [120].
EfS CAR help develop improvements at various levels (individual, leadership capacity
throughout organisations and across interschools). This same commitment is reflected
throughout the development of its programmes and its focus on specific teaching and
learning strategies, including the central importance of personal experience in learning;
the importance of the learning climate; the involvement of learners in the identification of
learning needs; the involvement of learners in the development of the learning experience,
with tutors acting as guides and content resources; and the mutual responsibility of learners,
family, and teachers for managing and developing positive learning experiences.
EfS CAR is widely seen as a methodology for real-world social change. People com-
municate their ideas as theories of real-world practice by explaining what they are doing,
why they are doing it, and what they hope to achieve together. These personal theories are
dynamic, in-the-world theories; they change and develop as people themselves change and
develop collective actions and commitment. The aim of practitioners using a collaborative
action research approach is to generate their personal and collective theories about how
their learning has improved practices and is informing new practices for themselves and
others [120]. Our research proposes a model of teacher training focussed on their profes-
sional development and aimed at acquiring action skills from a comprehensive perspective
of environmental literacy. The objective we pursue with the creation of this model is to
empower early childhood education teachers by providing them with instruments that pro-
mote their professional development. This is made possible by having an understanding
of the work they do every day and leading an in-depth analysis of their realities through a
collaborative process with their group of peers guided by the university’s research group
expert in the field.
Participating in this process leads to an early childhood educator’s embarking on a
path oriented towards the construction of theories that serve as the foundation of their
own professional practice, thus training them, through the tools available to them, to
employ a type of science that is based on decision-making in favour of the incorporation of
sustainability within their immediate environment.
This model has four phases that are interconnected by two transversal actions linked
to the monitoring process and the process of participation, leadership, and empowerment
of the entire educational community for the greening of the educational centres under
study (Figure 13).
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Figure 13. Environmental literacy process in educational centres (prepared by the authors).
Based on this collaborative action-research model implemented at the centres studied,
outlined below is each of the central phases of the model and the strategies that have made
it possible to collect information to validate it as a model of environmental literacy in early
childhood education centres.
4.2. ll ti I for ation
4.2. . : i i
f t t i i i t is t y focusses on a needs a se sment
si t i f ti t i i t t :
(1) An ex_ante evalu tion questionnaire on curricular greening with nine items on the
experience and professional practice of teachers in relation to sustainability and with
three answer options that v ried according to the questions asked (None, some, and
quite) or (No, I do ’t know, and yes).
(2) A change evalu tion scale with 15 statements related to the incorporation of sustain-
ability in the curric lum, so teachers ca indicate their degree of agreement using a
5-point scale from 1 (strongly disagree) to 5 (strongly agree).
The information collected through these instruments has allowed us to characterise
the experience that early childhood education teachers have and their perceptions of EfS
and the sustainable management of their centres.
4.2.2. Phase 2: Designing of a Collaborative Training Progra
Phase 2 of the training odel focusses on the design of training activities that respond
to the needs identified in Phase 1. Early childhood education teachers, university experts
in EfS, and staff fro the Granada Educa Foundation ere brought together as a working
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group to design a collaborative training action that would be included in the foundation’s
strategic training plan. This training action allows us to reflect on the meaning of EfS,
to carry out practical creation workshops with recycled materials, moving closer to the
natural environment and discovering the educational possibilities it offers, as well as
closely examining experiences and innovative proposals to work both at an institutional
and classroom level. All actions were aimed at early childhood education teachers acquiring
the necessary action skills to include sustainability in the early childhood stage curriculum.
4.2.3. Phase 3: Implementation of the CAR Program
Phase 3 is dedicated to the implementation and development of the collaborative
training action through the different sessions proposed in the design phase explained above.
During the implementation phase, the program’s process evaluation was carried out
through an eco-audit, which is presented as an instrument that allows the evaluation from
practice and environmental improvement of educational centres. This tool enabled the
centres themselves to reflect on their environmental management, articulate possible errors,
and enforce any necessary improvements to increase the environmental quality of the
educational centre and its most immediate surroundings.
For this occasion, the decision was made to carry out an Inter-Centre Eco-Audit, as
the majority of attendees were from different centres and performed the role of evaluators
(auditors) from a school other than their usual workplace.
As part of the Inter-Centre Eco-Audit process, a template was developed with a SWOT
structure (Strengths, Weaknesses, Opportunities, Threats), so that the subjects, organised
into three groups, could identify strengths and weaknesses with respect to the dimensions
of sustainable management within the educational centre (energy, solid waste, and water).
Each group was tasked with one category and would feed this information back to the
wider group, generating, through a process of participation and collaborative work, a
series of conclusions focussed on proposals for improvements regarding the environmental
management of the centre under audit.
4.2.4. Phase 4: Evaluation of Impact and Results
In the final phase of the study, emphasis was placed on evaluating the results of the
training proposal, so we analysed the impact that the collaborative training action generated
in the teaching practice of the participating teachers, evaluating the degree of acquisition
of action and transformation competences of its practice and sustainability commitments.
In this case, to measure the impact of the training action, the decision was made to
expand the sample and collect information on the changes and improvements produced in
teaching practices after the start of the program—not only from the teachers that partici-
pated in the collaborative training action but also those of teachers from the educational
institutions involved who did not participate directly. This was carried out to observe the
impact and multiplier effect generated by the activities regarding the implementation of
actions related to EfS at the participating centres.
For this, two instruments were designed: an interview and a value scale.
(1) The purpose of the interview was to qualitatively analyse those teaching practices
related to SE that were incorporated into early childhood schools after the start of the
training action. To this end, a protocol was developed consisting of 42 open questions
organised into two categories (curricular innovation and sustainable management
model of the centre).
(2) The value scale on the greening of early childhood education centres and their com-
mitment to sustainability focussed on quantitatively analysing those categories raised
during the interviews that were most valued by early childhood education teachers
after applying the training action. The scale consisted of 15 items with five response
alternatives where 1 corresponded to not at all satisfied and 5 corresponded to very
satisfied. The aim of this scale was to enable teachers to respond after reflecting
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on their satisfaction level with respect to the work carried out across each of the
dimensions addressed.
4.3. Sample
The sample participating across the different phases involved 30 early childhood
education teachers (86.7% female and 13.3% male) with different levels of involvement in a
total of 114 participation actions throughout the process: (1) the diagnostic questionnaire
(Phase 1) had 15 subjects (93.3% female and 6.7% male); (2) the assessment scale (Phase 1)
had nine participants where 100% were female; (3) the training collaborative action was
broken down into work sessions (Phase 2) with 15 participants (93.3% female and 6.7%
male); (4) 15 subjects (93.3% female and 6.7% male) collaborated in the Inter-Centre Eco-
Audits (Phase 3), and finally; (5) in Phase 4, the interview and value scale, there was
participation of 30 subjects (86.7% female and 13.3% male) in each of the instruments.
4.4. Quantitative and Qualitative Data Analysis
The data analysis process has been carried out through the use of a mixed research
method that involves the use of qualitative and quantitative techniques. The analyses
carried out seek to visualise the changes that the CAR model has generated both in the
educational centres and in the teachers in regard to the transformation and professional
development that teachers experienced after completing the training process. The analysis
carried out has been supported by the use of different software that has facilitated the
analytical task.
4.4.1. Qualitative Data Analysis
MAXQDA version 2020 was chosen for the analysis of qualitative information as it
allowed us to analyse the content through the categorisation of the testimonies collected in
the interviews as well as to perform the coding required to create different resources such
as code matrices, segments, word clouds, etc., following the process set by authors such as
Miles, Huberman, and Saldaña (2014) [121] (Figure 14).
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Following Bernard and Ryan (2010) [122]; Spencer, Ritchie, Ormston, O’Connor and
Barnard (2014) [123]; and Wood and Smith (2018) [124], some of the strategies with which
we have ensured the validity of the process followed include the detailed explanation of
the process followed in the analysis of the information, the reading and coding of the con-
tributions by more than one researcher, and the triangulation of the interpretations made.
Likewise, the quality criteria indicated by Miles and Huberman (1994) [125] have been
considered: credibility, confirmability, transfer, and dependence. In order to ensure valid
development of the research that we have carried out, those criteria that we consider to
be most relevant have be n selected without casting aside those criteria that could repre-
sent negativ evidenc for our work. Therefore, we h ve carried out a methodologically
adequate collection of information wit out constricting the r sults obtained in the data
analysis carried out.
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The categories of analysis that have emerged in this qualitative research process are
structured in two large dimensions: an environmental management model of the centre
on aspects of water, waste, and energy; and potential for teaching research and curricular
innovation on collaborative work, social climate, and curricular transversality in EfS.
Figures 15 and 16 detail the units of analysis of these large categories, organised in their
corresponding dimensions and sub-dimensions.
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4.4.2. Quantitative Data Analysis
In the case of quantitative data, we have used the Statistical Package for Social Science
(SPSS version 26), which has allowed us to c rry out the pertinent descriptiv analyses.
Table shows the analyses performed for eac instrum t.
Table 6. Quantitative data analysis techniques. Prepared by the authors.
Instrument Variable Analysis Statistics
Diagnostic questionnaire (Phase 1) Independent
Dependents
Descriptive
Measures of central tendency
Measures of dispersion
Frequencies and percentages
A sessment Scale (Phase 1)
Assessment Scale (Phase 4)
Quality criteria for these instruments:
− Regarding the validity of the diagnostic questionnaire, we have considered the content
validity and the criterial validity, since it is not possible to calculate the construct
validity due t the small size of the sample to which it has been administered. Content
validity has been ensured through expert judgment. Regarding the concurrent criterial
validity, we highlight that the corrected item-total test c rrelations applied to items
Q1 to Q5 has been higher in two of the four tems analysed, sin e item 5 has been
suppressed as its variance has a value = 0. On the other hand, the highest percent-
age of explained variance (quadratic multiple correlation coefficient) corresponds
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to item 4 with 34.5% and the lowest percentage corresponds to item 3, with 5.8% of
explained variance.
− Regarding the reliability as internal consistency achieved by the questionnaire, taking
into consideration the five items with a response in Likert format, we must highlight
that a coefficient value of Cronbach’s alpha = 0.50 has been achieved. This value can
be considered insufficient to affirm that it is a consistent scale, but taking into account
the number of participants that make up the sample (n = 15), the small number of
items, as well as the number of responses (only three), is more than enough. It is for
this reason that we believe it is necessary to analyse the questions and answers in
greater detail as well as the suitability of said indicator to determine the validity of
the instrument in question.
− In the evaluation scale of Phase 1, we highlight the concurrent criterial validity
because the corrected item-total correlations applied to items A1 to A15 with five
response levels on a Likert-type scale achieved a Pearson’s coefficients item-total test
excluding the item in question (corrected) above r = 0.30 and with a positive sign in
a large number of the items analysed. In this case, the reliability of the instrument
is moderately low (Cronbach’s alpha 0.52), which is justified by the low number of
participants to which the instrument has been administered.
− The quality of the evaluation scale used in Phase 4 was assured in regard to the content
validity through the judgment of experts and from the criterial validity; in relation
to the latter, we must emphasise that, as was the case in the previous questionnaire,
the items have achieved item-total corrected test correlations close to or greater than
r = 0.30 and with explained variance percentages of 93.1% (the highest) in the case of
responsible consumption and 64.7% (the lowest) in collaborative work, which was
inferred from the calculated multiple quadratic correlation coefficients.
− In the case of reliability, Cronbach’s alpha has been calculated individually for each of
the three categories with a total value of 0.63.
4.4.3. Triangulation of Quantitative and Qualitative Information
In the research that we reflect in this article, the framework involved in the imple-
mentation of each of these phases is brought to light from the perspective of complexity,
and so it has been indispensable to carry out a triangulation process based on the plurality
in the use of information-gathering techniques and key informants that has resulted in
strengths, weaknesses, and proposals for improvement. Figure 17 details this process of
the triangulation of the information carried out where the interrelation of results stands
out, taking into account the different information collection instruments use, as well as
the sources consulted. This triangulation has allowed us to collect enough information for
the validation and modelling of our collaborative training proposal on sustainability for
teachers from a collaborative action-research approach.Water 2021, 13, x FOR PEER REVIEW 22 of 39 
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This will allow us to set basic guidelines of good practices carried out by early child-
hood education teachers who have governed this model of environmental literacy in
educational centres linked to compliance with the 2030A and SDGs from the prism of
Education for Sustainability.
5. Results
5.1. Results Derived from Phase 1: Needs Diagnosis
The collected data have allowed us to carry out a diagnosis based on the weaknesses
and strengths that early childhood teachers have regarding incorporating sustainability
into their daily practice. The questionnaire and the change evaluation scale have allowed
us to identify which items are the best valued by teachers (strengths) as well as those
items that are not paid as much attention or that are most neglected, identifying them as
deficiencies that should be worked on and attempted to mitigate.
Regarding the ex_ante evaluation questionnaire, it should be noted that there is
unanimity among the participants in considering the participation of early childhood
education teachers in training actions related to sustainability as necessary and essential
(Me = 3.00) because, as they state in their answers, they recognise their low training in the
field of EfS (Me = 1.75) as well as their little familiarity with this term and all that it entails
(Me = 1.50) (Figure 18).
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In the change evaluation scale and taking into account the multivariate content classifi-
cation using hierarchical cluster analysis through “mean bonding (between groups)”, three
clusters can be established that identify the grouping of the items based on the responses
(Figure 19).
#Cluster 1: items 12, 15, 4, 7, and 3. The role of the school and its collaborative
methodology, the environment, and the mass media as key agents in the development of
motivations and interests linked to sustainability.
#Cluster 2: items 13, 14, 10, and 11. Importance of extracurricular actions to promote
EfS and pro-environmental attitudes in students.
#Cluster 3: items 6, 9, 8, 1, 2, and 5. Promotion of sustainable values, especially
in children.
Finally, taking into account the response clusters according to the means obtained
for both instruments (ex_ante evaluation questionnaire and change evaluation scale), we
can highlight with respect to the change evaluation scale that there is an item with the
maximum value and unanimity in the responses (Me = 5.00). This item is related to the idea
that EfS can positively influence the training of a citizenry committed to the environment
(Figure 20).
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In general, the responses to the scale are placed with a high degree of agreement except
for those items that are negative and where obtaining a high disagreement is depicted as
positive, such as: “Environmental problems are abstract issues of no interest” (Me = 1.00).
In general terms, these responses have allowed us to make the following aspects visible
as strengths and weaknesses (Figure 21) to consider in order to outline the collaborative
training action in Phase 2.
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5.2. Results Derived from Phase 2: Design of the Strategic Plan
In Phase 2, the collaborative training action was designed where the participating
teachers from early childhood schools participated were advised by the work commission
made up of the Granada Educa Foundation staff, by experts from the research group of the
University of Granada, and by speakers who participated in the different work sessions.
The objective of this training action was to train teachers in the acquisition of competences
to work on sustainability with young students.
The design of this training action has been generated from a model of participatory
reflection based on the demands expressed by the teachers in the previous phase. Through
different work sessions, the final program was designed. Figure 22 depicts the triptych
used by the organising entity to disseminate the designed CAR program.
This CAR program was divided in five sessions of three hours each, addressing the
most appropriate content to minimise weaknesses and maximise the strengths that the
teaching community manifested in the diagnostic phase (Table 7).
Table 7. Work sessions and contents of the training course in competencies related to sustainability
for early childhood education teachers. Prepared by the authors.
Work Sessions Contents
Session 1: Introduction to EfS Course presentation. Education forsustainability: rationale.
Session 2: Experiences and programs
that work on EfS
Innovative experiences in EfS I: Workshop on the
didactic use of recovery material.
Session 3: Immersion in the nature Environmental Education classroom activity: “How todevelop a didactic itinerary”.
Session 4: Inter-Centres Eco-Audit Carrying out an eco-audit in an early childhoodschool: Learning from practice.
Session 5: Closing session Innovative experiences in EfS II.Closure of the course: Putting into common practice.
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5.3. Results Derived from Phase 3: Implementation of the Program
Once the Inter-Centre Eco-Audit was carried out by the groups of participating teach-
ers who became auditors, a pooling of the weaknesses found by each group in each of
the assigned categories was carried out. Through a participatory process in which all the
groups interacted at the same time, a brainstorming was carried out where the participants
made their proposals for improvement to mitigate the weaknesses that they highlighted in
each of the analysis categories (Table 8).
Table 8. Results of the Inter-Centre Eco-Audit carried out in an early childhood school.
WATER
Weaknesses Improvement proposals
- Rainwater is not collected.
- There are traditional taps in the students’ bathrooms.
- Low pressure from the drains.
- Installation of new taps.
- Install tanks to collect rainwater.
WASTE MATERIAL
Weaknesses Improvement proposals
- Easy access for students to batteries.
- Missing battery and plastic containers.
- No separation of organic waste is done.
- They don’t use recycled toilet paper.
- In the kitchen or in the garden, there are no waste
separation containers.
- Only paper is recycled.
- Request plastic containers from the town hall near the centre to
dispose the accumulated waste.
- Request a battery container to place it in the school.




- The windows do not have thermal insulation.
- Non-renewable energy.
- There are no rules agreed by the educational team on
the use of electronic devices (Action Protocol).
- Install light sensors (corridors, bathrooms, etc.).
- Install solar panels.- Replacing standard light bulbs with
low-consumption ones.
- Replacement of kitchen appliances with more efficient ones.
- Changes in consumption habits.
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These weaknesses and proposals for improvement guide the more immediate actions
to be carried out in the participating centres to generate a much more sustainable manage-
ment model. From the approaches of this Inter-Centre Eco-Audit, it was revealed how the
water and energy control and saving systems, as well as addressing the control of material
waste, continue to be pending subjects in early childhood schools.
Addressing these problems will consolidate a much more sustainable management
model that will have repercussions on committed management models at educational,
social, economic, and environmental levels.
5.4. Results Derived from the Evaluation of Results. Impact of Training Program
5.4.1. Results Derived from the Interview
When analysing the interviews carried out with the teachers once the CAR program
has been carried out, the effect that the program has had on the participants is revealed,
as well as the impact it has had on the management models and curriculum develop-
ment of sustainability in all teachers of the centres involved (participating or not in the
CAR program).
- Sustainable management model
It is important to highlight in this category, considering the contributions of the
participants, that the ‘energy’ subcategory is the most outstanding, as it includes 46.6%
of the contributions. It is followed by the ‘waste material’ subcategory with 34.9% of the
comments and the ‘water’ subcategory with 18.3%, which is the least developed according
to the arguments of the participants (Figure 23).
If we make a detailed analysis of the contributions of participants according to the
units of analysis of each subcategory, it is possible to see how the percentage of presence of
such contributions is balanced among all units of analysis with about 10–12 contributions
in each one of them and each subcategory having a representation that ranges between
7.9% and 9.5% (Table 9).
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These data have made it possible to establish a general order of priority in the three
main categories of centre management: firstly, those related to energy; secondly, those
related to waste management; and thirdly, those related to water. Regarding the subcat-
egories, each centre has taken as a reference the general ranking of theoretical priorities
(arranged in two levels, Green of high priority and Yellow of second priority), although
in practice, each centre has adopted intervention decisions adapted to the singularity,
contextual characteristics, feasibility, and opportunity for implementation. Teachers have
taken this global ranking as a reference, which establishes shared priorities for all centres
on issues whose solution does not directly depend on their ability to act as teachers. Even
so, their consensus has made it possible to adopt external measures linked to decisions of
the Granada Educa Foundation in relation to energy or municipal decisions related to the
collection of solid waste classified by the need to undertake actions directed in the first
place to three main categories.
Among the most outstanding contributions that show the changes and improvements
at the sustainable management level of centres participating in the CAR program, the
following stand out (Figure 24).
In general, there is a high level of responsibility and commitment in the centres to
generate a sustainable management model, especially in the categories analysed. It is
confirmed that this commitment is generating actions and proposals to improve the man-
agement of irrigation systems, water and energy saving, and waste control, among others.
- Curricular innovation
It is important to highlight in this category, considering the contributions of the
participants, that the ‘EfS Transversality and Practice’ subcategory is the most outstanding
with 57.6% of the contributions. It is followed by the ‘Collaborative Work’ and ‘Social
Climate’ subcategories with 24.5% and 17.9% of the comments respectively (Figure 25).
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If we make a detailed analysis of the contributions of the participants according to
the units of analysis of each subcategory, it is possible to see how one unit of analysis
stands out compared to the rest, with 70 contributions (13.6% representation). This unit
is ‘EfS Research and Innovation in the Classroom’. Its degree of presence shows how
the program has had a multiplying effect on the commitment generated in the teachers
of the participating centres and from there, a shared responsibility has been generated
to accommodate the methodologies, adapt the contents, and favour the development of
transformation and action competences linked to sustainability in its students through the
design of research and innovation proposals in the classroom.
This unit of analysis is followed in representation by ‘Installations and Equipment
EfS’ (42 contributions, 8.2% representation), which is also closely related to the analysis
category ‘sustainable management model’. This block of contributions corroborates the
interconnection that exists between the teaching practice and the management model
and the impact and projection that the teaching work has on the sustainability of the
infrastructures and facilities of the centre (Table 10).
Table 10. Percentage of presence—analysis units (curricular innovation).
Subcategory Analysis Unit Frequency Percentage
Social climate
Social climate assessment 30 5.8%
Promoted values 30 5.8%
Attitudes and behaviours 32 6.2%
Collaborative work
Teamwork 30 5.8%
Cooperative and experimental learning 36 7.0%
Experiences, concerns, and wishes 28 5.4%
Local problems 32 6.2%
EfS-Transversality and practice
EfS diffusion 30 5.8%
EfS and relationship with the environment 31 6.0%
Healthy living practices 32 6.2%
EfS research and innovation in the classroom 70 13.6%
Interdisciplinary coordination 30 5.8%
EfS in educational projects 30 5.8%
Teachers aware of EfS 31 6.0%
Installations and equipment for EfS 42 8.2%
Sum 514 100%
To address the relationship of the main themes (included in Table 10) with the water,
waste, and energy curriculum, we show a modeling of some of these connections in
Figure 26 that exemplify the integrated and non-fragmented approach of these curricular
themes. In the following figure, you can see in detail the connections and specific links of
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each subject with the integrated curricular actions developed in the different educational
centres. For example:
(1) Regarding water, we can see the link that connects “cooperative and experimental
learning” with curricular innovation actions: “In the school garden, we plant carrots,
lettuce, and beans in the appropriate the season. Now, we are learning about the
issue of water, because they are experimenting with activities whose consequences
are captured later” (Subject 30, Centre 4).
(2) Regarding energy, the teachers link this issue with the eco-school program: “When
we have the cloisters and meetings, we talk about the eco-school. This year, we are
working on energy and we have incorporated it at the curricular level in some of the
subjects” (Subject 29, Centre 4).
(3) Regarding waste management, teachers link this action with the contents and activities
of the classroom: “We use all kinds of plastic containers of all kinds, large, small,
medium, containers, cans, cartons, rollers, everything. We use that. Now, we have
done a workshop with trays. Also of yogurts... We use many elements of everyday
life for activities” (Subject 16, Centre 3).
Among the most outstanding comments that highlight the changes and improvements
at the level of curricular greening of the centres participating in the CAR program, the
following stand out (Figure 26).
In general, the centres have a high level of responsibility and commitment to favor the
greening of the curriculum and the development of action and transformation competences
into sustainability in students. It is corroborated that this commitment is generating actions
and proposals to improve the inclusion of the EfS in their teaching practice, addressing
sustainability in the classroom from collaborative work, with a much more proactive social
climate and from the development of sustainability competences. All this with a projection
outside the classroom walls has an impact on a school model with much more sustainable
infrastructure and equipment.
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5.4.2. Results Derived from the Evaluation Scale
The data provided by the evaluation scale on the environmentalisation of early child-
hood education centres and their commitment to sustainability (Phase 4) have allowed us to
evaluate the impact of the model of teacher education and training on sustainability, which
has been presented throughout this document, since it offers information on the degree of
satisfaction that early childhood education teachers have after the implementation of the
CAR program with respect to the categories of analysis, from a general perspective.
The dimensions of analysis present in this scale have been the same as in the interview
(EfS Transversality; Social Climate; Collaborative Work; Water; Energy and Waste Mate-
rial), although taking into account the complexity of the category ‘EfS Transversality and
Practice’, the items linked to this category were broken down into four: EfS Transversality,
Practical EfS, EfS Diffusion, and School–Environment Relationship.
For the representation of this quantitative part, we have carried out a cluster analysis,
measures of central tendency, as well as multivariate content classification using hierarchi-
cal cluster analysis through Ward Linkage in order to see how the items are grouped based
on the responses of the interviewed subjects.
The dendrogram (Figure 27) shows us the existence of two clearly differentiated
clusters, since we can observe how the items are grouped coinciding with the categories of
analysis (sustainable management of the centre and curricular innovation).
On the one hand, we find cluster #1, which groups the subcategories related to the
sustainable management of the centre (water, waste material, and energy), which the
subjects show moderate satisfaction with, as we can see in Figure 28, where the measures
of central tendency show us that water and waste material have Me = 3.00 and energy has
Me = 4.00 on a scale of 1–5. This is due to the low incidence that teachers have in making
direct decisions regarding these aspects, since these are usually issues that are managed
directly from the management of each centre or from the management of the foundation.
As we have seen through their testimonies in the qualitative analysis, the subjects pointed
out that changes must be made in some of the infrastructures to improve aspects related to
water management, the separation of solid waste, and energy saving. However, despite
these aspects, the teachers try to involve children in activities linked to the transmission
of sustainable attitudes related to saving water, energy and solid waste management,
instilling in them simple gestures such as turning off the lights when they are not necessary
and relying on sunlight whenever possible; closing the taps when they are finished using
them or generating the least possible solid waste using recycled material in their activities;
among other initiatives. These are routines that children assimilate and internalise from a
young age and that will make them future citizens committed to sustainability.
Cluster #2 is related to the curricular innovation category and is composed of the
following subcategories: Collaborative Work (Me = 5.00); Social Climate (Me = 5.00); EfS
Transversality (Me = 4.00); Practical EfS (Me = 4.00); School–Environment Relationship
(Me = 4.00), and Diffusion (Me = 4.00). In this cluster, the teachers interviewed have
shown through the scores given to these items to have a greater satisfaction overall. This
is due to the fact that they perceive this category as the one that is most related to their
scope of action within the educational centre through the activities that they carry out
with children in class. This fact is corroborated with the testimonies provided by the
participants in the interviews where they make visible how they put in practice aspects
related to sustainability in their daily practice through research and investigation activities
or other specific activities such as outings to the surrounding environment to know the
neighbourhood and the resources it offers them.
It should be noted that in the evaluation scale, in the items related to the ‘EfS Transver-
sality and Practice’ category, the values are inverted with respect to the results of the
qualitative analysis where it appeared as the category with the highest percentage of
contributions from the teachers. Although on this scale its assessment is good (x = 4.20),
categories such as social climate (x = 4.47) or collaborative work (x = 4.70) appear ahead.
This indicates that in this case, they do not perceive it as the most satisfactory category,
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because they think that enough is not done, and therefore, it is necessary to continue
working on aspects related to sustainability. Ultimately, these results are closely related
to the degree of commitment they have acquired. Their expectations are so high that they
pursue excellence and, therefore, they show somewhat lower averages on the satisfaction
scale than what was commented through the gathered testimonials.
Water 2021, 13, x FOR PEER REVIEW 31 of 39 
 
The dendrogram (Figure 27) shows us the existence of two clearly differentiated clus-
ters, since we can observe how the items are grouped coinciding with the categories of 
analysis (sustainable management of the centre and curricular innovation). 
 
Figure 27. Dendrogram. Scale of satisfaction with the categories of the interview. 
On the one hand, we find cluster #1, which groups the subcategories related to the 
sustainable management of the centre (water, waste material, and energy), which the sub-
jects show moderate satisfaction with, as we can see in Figure 28, where the measures of 
central tendency show us that water and waste material have Me = 3.00 and energy has Me 
= 4.00 on a scale of 1–5. This is due to the low incidence that teachers have in making direct 
decisions regarding these aspects, since these are usually issues that are managed directly 
from the management of each centre or from the management of the foundation. As we 
have seen through their testimonies in the qualitative analysis, the subjects pointed out 
that changes must be made in some of the infrastructures to improve aspects related to 
water management, the separation of solid waste, and energy saving. However, despite 
these aspects, the teachers try to involve children in activities linked to the transmission 
of sustainable attitudes related to saving water, energy and solid waste management, in-
stilling in them simple gestures such as turning off the lights when they are not necessary 
and relying on sunlight whenever possible; closing the taps when they are finished using 
them or generating the least possible solid waste using recycled material in their activities; 
among other initiatives. These are routines that children assimilate and internalise from a 
young age and that will make them future citizens committed to sustainability. 
Cluster #2 is related to the curricular innovation category and is composed of the 
following subcategories: Collaborative Work (Me = 5.00); Social Climate (Me = 5.00); EfS 
Transversality (Me = 4.00); Practical EfS (Me = 4.00); School–Environment Relationship (Me 
= 4.00), and Diffusion (Me = 4.00). In this cluster, the teachers interviewed have shown 
through the scores given to these items to have a greater satisfaction overall. This is due 
to the fact that they perceive this category as the one that is most related to their scope of 
action within the educational centre through the activities that they carry out with chil-
dren in class. This fact is corroborated with the testimonies provided by the participants 
in the interviews where they make visible how they put in practice aspects related to sus-
tainability in their daily practice through research and investigation activities or other 
Figure 27. Dendrogram. Scale of satisfaction with the categories of the interview.
Water 2021, 13, x FOR PEER REVIEW 32 of 39 
 
specific activities such as outings to the surrounding environment to know the neighbour-
hood and the resources it offers them. 
 
Figure 28. Measures of central tendency. Scale of satisfaction with the categories of the interview. 
Response scale ranges from 1 (Not satisfactory) to 5 (Highly satisfactory). * = out-layer values. 
It should be noted that in the evaluation scale, in the items related to the ‘EfS Trans-
versality and Practice’ category, the values are inverted with respect to the results of the 
qualitative analysis where it appeared as the category with the highest percentage of con-
tributions from the teachers. Although on this scale its assessment is good ( ̅ = 4.20), cat-
egories such as social climate ( ̅ = 4.47) or collaborative work ( ̅ = 4.70) appear ahead. 
This indicates that in this case, they do not perceive it as the most satisfactory category, 
because they think that enough is not done, and therefore, it is necessary to continue work-
ing on aspects related to sustainability. Ultimately, these results are closely related to the 
degree of commitment they have acquired. Their expectations are so high that they pursue 
excellence and, therefore, they show somewhat lower averages on the satisfaction scale 
than what was commented through the gathered testimonials. 
6. Discussion and Conclusions 
The purpose of this research was the creation of a CAR model aimed at empowering 
the group of early childhood education teachers. The model has provided them with in-
struments that contribute to their professional development and the acquisition of action 
competences through a collaborative process with researchers in the field of sustainability. 
The model includes a sequence of coordinated work in four phases: (1) assessment of 
needs, (2) design of a collaborative training program, (3) implementation plan, and (4) 
final evaluation. This CAR sequence has made it possible for early childhood education 
Figure 28. Measures of central tendency. Scale of satisfaction with the categories of the interview.
Response scale ranges from 1 (Not satisfactory) to 5 (Highly satisfactory). * = out-layer values.
Water 2021, 13, 145 31 of 37
6. Discussion and Conclusions
The purpose of this research was the creation of a CAR model aimed at empowering
the group of early childhood education teachers. The model has provided them with
instruments that contribute to their professional development and the acquisition of action
competences through a collaborative process with researchers in the field of sustainability.
The model includes a sequence of coordinated work in four phases: (1) assessment of
needs, (2) design of a collaborative training program, (3) implementation plan, and (4)
final evaluation. This CAR sequence has made it possible for early childhood education
teachers to assume the roles of participatory researchers and acquire environmental lit-
eracy competences. Evidence of these changes can be seen in the curricular innovation
actions developed in the classroom and a greater involvement and commitment in tasks of
distributive leadership and environmental management of the centre [2,6].
At the beginning of the research, we were able to verify that many of the teachers were
not aware that they were already applying different aspects of EfS in their daily practice,
although their decision-making levels in the centre’s environmental management processes
could be improved. As the development of the collaborative training program progresses,
we find that teachers are more involved in processes of reflection on their practice. The
teachers of some centres exchange good practices with their peers from other schools,
review their environmental habits, and discuss their commitments to curricular transfor-
mation, innovation, and environmental management of the centre [51,52]. They introduce
more sustainable practices in their professional activity and develop interdisciplinary ac-
tions in their classrooms that involve a greater commitment of families and schoolchildren
to the environmental problems of the neighbourhood and the centre. Aspects related to the
acquisition of proximity products in school kitchens are critically questioned, the models
and habits of movement, mobility, and access to the centre are discussed, and they review
the use of water and energy and propose recycling and waste management actions [71–73].
In general, there is a progressive increase in the environmental awareness of the teachers
involved in the CAR process after a continuous period of coordinated work.
In the light of the quantitative data and qualitative evidence evaluated, we can ver-
ify the impact that the training program has generated on the participants as well as
the changes caused in the decision-making models more oriented toward distributive
leadership schemes, where decisions about the environmental management of the centre
arise from the bottom up, and it is the teachers themselves who assume responsibilities
in different areas that affect the sustainable transformation of the centre [11]. The study
shows obstacles and limitations to implement changes in this dimension linked to a low
capacity for direct influence on the management of resources, infrastructures, and other
factors of the daily life of the centre that are outside the transforming capacity of the
actions of the teaching staff. Likewise, there is a certain difficulty in intervening in complex
environmental problems that require different levels of participation in decision-making
and involve multiple agents in solving problems and adopting strategic measures [83,85].
As the carried out eco-audits have shown, in the majority of the studied cases, the
most notable weaknesses are focussed on aspects related to energy, water, and waste
management, where efforts should be increased to improve results. Regarding aspects
related to water management, it is necessary to make improvements in the facilities,
which translates into an extra expense that the centre must face through decisions of
the institution’s staff, according to the organisational model of foundation. Regarding
the management of waste material, the main problem is that some centres do not have
nearby containers for the management of garbage and other solid waste, which is an
inconvenience since they would like to manage them properly, but the decision is in the
hands of neighbourhood leaders, the companies that organise waste collection, and the
City’s Environment Department. In the case of energy, this environmental dimension
also entails changes that involve an economic outlay, such as replacing existing lighting
with low-consumption light bulbs, insulation for windows, and incorporating the use of
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renewable energy such as solar power, which requires medium-term budget planning and
the consent of economic decision makers.
Teachers propose to mitigate these deficiencies, raising awareness among their stu-
dents from the activities and proposals that are made in the classroom on a day-to-day
basis. This is done through simple routines such as turning off the lights when it is not
necessary to use them, being careful to not leaving the taps open after using them, reusing
the material they employ to do the projects and activities, or not generating unnecessary
solid waste by means of, for example, the reduction of snack packages and promoting the
consumption of fruit every day instead.
We have seen a great willingness in the teachers to address EfS issues at an early age.
This has generated a multiplier effect of the training program that has favoured profes-
sional development in the centres and has involved families, staff, and other agents of the
educational community. The teachers that are most involved in the collaborative training
program have served as a driving force, energising other colleagues from non-participating
centres, generating in them interest in incorporating aspects related to sustainability in the
activities they carry out in class [62].
We have also observed a more positive assessment of those aspects related to curricular
innovation. Teachers feel they can directly influence aspects such as the social climate
or teamwork as well as include EfS in a transversal way, encouraging the participation
of families and other external agents related to the environment of the centre as well as
recovering spaces and green areas in and around the centre to develop EfS projects linked
to reality and the territorial context in which they are located [92].
All these aspects do have a fairly high level of satisfaction among teachers. They are
committed to the curricular greening and the integration of natural and urban territory
in their classroom work. This is appreciated and verified in the different programs they
promote, in which the environmental dimension is present, and in the different activities
they carry out in which they tend to adopt inter and multidisciplinary methodologies (such
as the systematic work carried out in most centres where recycled and/or reused elements
are employed), as well as including families and the rest of the educational community in
the dynamics of the centre [37,38,47,75,83,101].
7. Future Research
Regarding future lines of work, we consider as an objective the consolidation of our
participatory action research model and its extrapolation to other contexts allowing us
to carry it out including other work groups, so that we can achieve, through awareness,
the dissemination and training in sustainability of early childhood education teachers
who feel secure when facing the implementation of the EfS in the curriculum, as well
as the important task of training the citizens of the future. It would be interesting to
make a document proposal that shows how to carry out a complete Eco-Audit process
in educational centres with the aim of developing a roadmap and guidelines to follow to
correct weaknesses and enhance the strengths detected. The aim is to carry out a mixed
approach in which the effectiveness and efficiency of the programs and activities in progress
are analysed and a strategic reorientation of them that allows us to adopt optimisation
decisions for an improved coordinated can be carried out.
Finally, in response to the question that we raised at the beginning of this article, “Can
early childhood teachers assimilate the three dimensions of sustainability (management,
teaching, and research/innovation)?”, we consider that it is utterly important to value
and empower the profession of early childhood teachers, as they have an important task
that often goes unnoticed. Through participation in action-research models such as the
one proposed in this document, teachers become reflective agents of their own practice,
questioning at all times how to improve those aspects with which they feel completely
satisfied and looking for innovative ways to improve their work, such as the acquisition of
new competences that adjust to the new challenges demanded by the new generations.
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